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Abstract 
The goal of this study is to determine the latitudinal distribution of solar radiation on the territory of 
Mongolia using solar radiation measurement data from the routine actinometrical stations and solar 
radiation measurement point of Mongolian State University. Last 20 years (1981-2001), we have studied 
the global, direct and diffuse solar radiation on the Earth horizontal surface under clear and cloudy skies in 
three ranges of latitude；ψ＝ 43.0°-45.0°, 45.1 °-47.0°, 47.1 °-49.8°. 
Amount of direct solar radiation increases in al considered latitudes from January to June and after that 
symmetrically decreases, while on the latitude range 45.1°-47.0° this amount is greater than on two other 
ranges. At noonday (12h30m）ヲJuneaverage amounts of direct solar radiation are 865W/m2 （ψ＝ 43.0°-45.0°), 
822 W/m2 (45.1°-47.0°), 786 W/m2 (47.1°-49が）， but these values are less by 2.4 times for noonday in 
January. 
Investigation of diurnal change of diffuse radiation incoming on horizontal surface in clear sky condition 
shows that the amount of this radiation on the latitude range of 43.1°-45.0° in any month slowly increases 
from morning to noonday with following decrease, while the same behavior of radiation is maintained in 
January-July and October-December period and the period of August-September di妊useradiation amount 
significantly decreases on latitudinal range of 45.1 °-49.0° in noonday. 
Amount of global solar radiation reaches maximum in noonday in June, namely 796-1040 W/m2 （中＝
43.0°-45.0°), 838・936W/m2 (45.1°-47.0°), 842・922W/m2 (47.1°-49.0°) in the case of clear sky. But in the 
case of cloudy sky the amount of global solar radiation reaches maximum in noonday of May, which could 
be explained by peculiarity of recurrence of cloudiness, cloudy shape and optical properties of atmosphere 
on Mongolian territory. 
1. Introduction 
The amount of solar radiation reaching the Earth’s surface varies greatly because of changing optical 
properties of atmosphere and the changing mutual position of the Sun and Earth, both during the day and 
throughout the year. As solar radiation passes trough the Earth’s atmosphere, some of it is absorbed or 
scattered by air molecules, water vapor, aerosols, and clouds. 
Investigation of solar radiation types (direct, diffuse and global radiation) and evolution, as well as 
nature of its regularities in・ the particular region are practical and scientific importance in development of 
agriculture, protection of public health, usage of solar energy, creating construction, compiling weather 
forecasts and etc. On the other hand, solar radiation drives atmospheric circulation. Since solar radiation 
represents almost al the energy available to the Earth, accounting for solar radiation and how it interacts 
with the atmosphere and the earth’s surface is fundamental to understanding the earth’s energy budget. 
Mongolia is located in the northern part of Central Asia bordering with Russian Federation and the 
People’s Republic of China. The total size of the territory is 1567 thousand square kilometers. The mean 
elevation of Mongolia is about 1500 meters above sea level which enhances the sharp continental climate, 
with warm, short summers, and coldヲlongwinters. There is a short rainy season in June, July and August 
during which most of the yearly rain fals. Around 67-78 percent of al precipitation fals during these three 
summer months. The country averages 257 cloudless days a year, and it is usually at the center of a region 
of high atmospheric pressure. 
2. Measurement and ata 
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This study is based on the Climatic handbook of Mongolia and the results of Geophysical Center of 
Mongolian State University and Department of Physics of Mongolian University of Science and 
Technology research on the solar radiation. Last 20 years, we have studied the global, direct and diffuse 
solar radiation on the Earth horizontal surface under clear and cloudy skies in three ranges of latitude；ψ＝ 
43.0°-45.0°, 45.1 °-47.0°, 47.1 °-49.8°. 
For the direct solar radiation were used thermo-electric Actinometer M-3 (AT50), which measures 
radiation at normal incidence. Global radiation is measured by Pyronometer M-80M with a black and white 
type sensor. These instruments produced in the former USSR. Diffuse radiation can either be derived from 
the direct radiation and the global radiation or measured by shading a pyronometer from the direct radiation 
so that the thermopile is only receiving the diffuse radiation. 
Daily total global ( Qd ) solar radiation is determined as: 
ヱ： （Q, QN) QN Qd =. ！.τ1 + Tj一＋ Q2+Q3＋・・＋一一！＋ーーτ2・ (2.1) 
l 2 2 J 2 
where Q1, Q2, .QN is the measured global solar radiation at the observation time, r1 is the difference 
between of sunrise time on the given latitude and time of the first observation time of day. Standard 
meteorological observation time’s di旺erenceis 3 hours in Mongolia, on this account T is the equal 180 
minutes，τ2 is the difference between of last observation time and sunset time. 
3. Results and discussion 
3.1. Direct Solar Radiation (S). The solar radiation that passes through directly to the Earth’s surface is 
called direct solar radiation. Direct solar radiation incoming to the surface pe中endicularto solar beam (S) 
is used for calculation of direct radiation on horizontal surface (S) by formula: S =Ssin h0, where h0 is the 
Sun height. 
Researches have studied dependence of direct solar radiation on particular surface from Sun height and 
optical properties of atmosphere. Investigation in this field was carried out in Research Center for 
Geophysics, Mongolian State University and Department of physics of Mongolian University of Science 
and Technology, for almost 20 years [2,3]. 
In clear sky conditions amount of direct radiation, incoming on the horizontal surface is at maximum in 
June, and at minimum in January on any latitude on the territory of Mongolia (Fig.I). 
At noonday (12h30m), June average amounts of direct radiation are 865W/m2 （ψ＝ 43.0°-45.0°), 822 W/m2 
(45.1°-47β0), 786 W/m2 (47.1°-49.0°), but these values are less by 2.4 times for noonday in January. On 
the territory of Mongolia in the direct solar radiation decreases as the latitude increases. On the same 
latitude incident angle and intensity of solar radiation are the same. But in some cases depending on feature 
of landscape and atmospheric optical properties above mentioned regularities are not possible to observe. 
Amount of direct solar radiation increases in al considered latitudes from January to June and after that 
symmetrically decreases, while on the latitude range 45.1°-47.0° this amount is greater than on two other 
ranges. The amount of direct radiation incoming on horizontal surface under cloudy skies on al latitudinal 
ranges increases from January and reaches maximum in May （坦501W/m2) and from June again decreases 
(Fig.2). 
Furthermore the amount of direct radiation increases slowly on the range of 43.1°-47.0° til August and 
decreases from September and August on 43.1 °-45.0° and to north of 45.1 ° respectively. 
3.2.Diffuse Solar Radiation (D). A diffuse solar radiation is the total scattered radiation coming from 
celestial sphere. It is recognized that following Sun height decreases and increase in air pollution the 
amount of diffuse radiation increases. Diffuse solar radiation represents the short wave energy of solar 
origin scattered downwards by gas moleculesヲaerosols(or suspended particulate matter),water vapor and 
clouds in the atmosphere. Scattering of solar radiation on gas molecules with linear size, less than 0.1 
fraction of its wavelength follows the Rayleigh law. The variability in the amount and type of cloud has a 
dominant role on the value of diffuse radiation. A cloud, which is not screening the Sun, considerably 
increases amount of diffuse radiation compared to clear sky, namely fleecy clouds lead to increase in 
diffuse radiation 4・5times higher than that of clear sky. Also, snowy cover reflects back 70-80 % of 
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incoming direct radiation (snow covers Mongolia between November and April of next year), which 
significantly increases amount of diffuse radiation P勾.On Fig.3 and 4 are shown annual changes of 
diffuse radiation amount for both cloudy and clear skies. 
Investigation of diurnal change of diffuse radiation incoming on horizontal surface in clear sky condition 
shows that the amount of this radiation on the latitude range of 43.1°-45.0° in any month slowly increases 
from morning to noonday with following decrease, while the same behavior of radiation is maintained in 
January-July and October-December period and the period of August-September diffuse radiation amount 
significantly decreases on latitudinal range of 45.1°-49β0 in noonday. (Coment!) On any latitude amount of 
diffuse radiation incoming on horizontal surface in clear sky condition slowly increases in January-May, 
with slow decreaseラwhilediffuse radiation decreases as latitude increases. After June on low latitudes 
diffuse radiation has a tendency to decrease. Amount of diffuse radiation is often greater in cloudy sky 
condition than in clear one and their ratio equals to 2, but common feature is maintained. 
Diffuse radiation in cloudy sky increases from the morning to noonday with symmetrical decrease in the 
afternoon. In winter months amount of diffuse radiation increases, that is explained by small Sun height 
and snowy cover on the territory of Mongolia. 
A smoke screen covers Ulaanbaatar, capital city of Mongolia, between the period of October and May next 
year. Diffuse radiation amount significantly increases in this period. The range of air pollution dispersion is 
mainly dependent on wind speed and under normal conditions. 
3.3. Global Solar Radiation (Q）.百1edirect component of sunlight and the diffuse component of skylight 
falling together on a horizontal surface make up global solar radiation. A long time series of global 
radiation measurements allow to reveal general regularities of its change and dependence on the weather 
condition and astronomical and geographical factors. It is known that global radiation depends on Sun 
height, cloudiness and atmospheric transparency. There are regularities that the global radiation is 
proportional to atmospheric transparency and increasing of solar height. Also has a tendency to increase the 
global radiation, when atmospheric transparency is increased and solar height is constant. 
A cloudy sky affects to a great degree to the global solar radiation. It is necessary to study a regime of 
temporal distribution of radiation during the year on entire and particular territory. Researchers have 
thoroughly investigated the e百ectof share and size of clouds on incoming radiation. The amount of global 
radiation incoming on the Earth’s surface often greater in case of existing of medium level cloud of 3-4 
points or high level cumulus cloud of 6・7points respectively when sky is clear. When there is snowy cover 
on the Earth surface the global radiation becomes greater, because the reflected radiation from snowy cover 
which in turn reflects back from the cloud. Thus, total amount of global radiation is increased and ratio of 
global radiation can reach to 1.3, when comparing of snowy cover to clear sky. Fig.5 and Fig.6 show 
annual variation of global solar radiation for clear and cloudy skies on the horizontal surface. From fig.5 
and fig.6 one can see a common feature of global solar radiation in case of both clear and cloudy skies that 
is increases til noonday and after that decreases almost symmetrically during the year. 
Amount of global solar radiation reaches maximum in noonday in June, namely 796-1040 W/m2 （ψ＝ 
43が－45.0°),838-936 W/m2 (45.1°-47.0°), 842・922W/m2 (47.1°-49.0°) in the case of clear sky. But in the 
case of cloudy sky the amount of global solar radiation reaches maximum in noonday of May, which could 
be explained by peculiarity of recurrence of cloudiness, cloudy shape and optical properties of atmosphere 
on Mongolian territory. Amount of global solar radiation increase with decreasing of latitude either in clear 
or in cloudy skies. 
CONCLUSIONS 
1. On cloudy sky condition, in any range of latitude direct solar radiation increases from January til 
June and then decreases symmetrically. But in the range 45.1°-47.0° the values of direct radiation 
in February and May are greater than the other two ranges of latitude. This peculiarity is 
connected with the locations of these places and conditions of the atmosphere. We discovered that 
direct radiation on the horizontal surface in any range of these latitudes on cloudy days increases 
from January and reaches the maximum 384.0-501 W/m2 in May then in June in al ranges it 
decreases in the same way. Further study of this change shows that in the zone with a latitude of 
43.0°-47.0° it increases relatively slowly until August and in latitude cp = 43°-45° it decreases from 
September. 
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2. Daily changes of diffuse radiation on the horizontal surface on cloudless days at the latitude <p = 
43.0°-45.0° slowly increased from January til May and then decreases slowly. But in the range of 
0 0 latitude between 45.0 and 49.0 this situation remains the same from January to July and from 
October to December, and diffuse rndiation decreases noticeable in the midday from August to 
September. 
Diffuse radiation on the horizontal surface increases on cloudy days in al months from 
morning til midday and then decreases. This peculiarity is explained by the cloudiness and optical 
properties of atmosphere. 
3. Regardless of clear or cloudy sky conditions the numerical values of global radiation increases 
until noonday and then decreases. This changes occurs during the entire year. On clear sky 
condition, global radiation reached a maximum in the noonday of June and these values are 796-
1040W/m2 （ψ＝ 43°-45°), 838-936 W/m2 (45.1°-47°) and 842-922 W/m2 (47.1°-49°) respectively. 
The field of global solar radiation for al months shows a primarily zonal pattern, that is, one in 
which radiation decreases with latitude. 
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